OBJECTIVES: Although the standard video-assisted thoracoscopic surgery (VATS) approach is generally performed through two to four incisions, uniportal VATS pulmonary resection has recently been reported to be a promising, less invasive alternative. To evaluate the adequacy of uniportal VATS lobectomy as an alternative to conventional VATS lobectomy in lung cancer, we analysed and compared the outcomes of uniportal and conventional VATS lobectomies.
INTRODUCTION
With the worldwide trend towards minimally invasive surgical techniques, video-assisted thoracoscopic surgery (VATS) has become the standard approach for treating early lung cancer [1] ; it was recently even attempted in advanced lung cancer patients [2, 3] . Although there is no clear definition or standard for VATS lobectomy, it is generally performed through two to four incisions [4, 5] . This allows multiple different angles of approach to the hilar structures and lymphatic tissues during VATS lobectomy.
Recent uniportal VATS pulmonary resection studies have reported that this approach has several advantages, such as improved geometry for instrumentation and exposure during surgery, in addition to reduction in postoperative pain and paraesthesias [6] [7] [8] . According to some surgeons, it is even useful in more advanced lung cancers or complex pulmonary resections such as pneumonectomy or sleeve resection [9, 10] .
Considering its advantages with regard to postoperative pain, comparable perioperative results and improved cosmetic effects, we have initiated the use of uniportal VATS approach in lobectomies for early lung cancer patients at our institution. To evaluate whether uniportal VATS lobectomy is a feasible alternative to conventional VATS lobectomy in lung cancer, we reviewed perioperative clinical data, and compared the uniportal VATS lobectomy results with those obtained using conventional VATS lobectomy.
Samsung Medical Center between January 2013 and February 2014. The Institutional Review Board of Samsung Medical Center approved this study, and waived the requirement for informed consent.
Inclusion and exclusion criteria
All surgically resectable lung cancer patients, including those with primary and metastatic disease, who were initially treated with VATS were included in our study regardless of stage or surgical complexity. To avoid selection bias, only those patients who were treated by a single surgeon were included in the uniportal and conventional VATS groups. Patients who had another separate operation at the same time that required an additional extrathoracic incision were excluded. Furthermore, patients who were initially treated with open thoracotomy were also excluded.
Surgical strategy and technique
Since the introduction of uniportal VATS in May 2013, our surgical strategy for lobectomy has included initial exploration of the pleural cavity with a 5-mm 30-degree thoracoscope through the mid-axillary fifth intercostal space in all patients. Uniportal VATS was initially attempted in all patients except those with pleural seeding or diffuse, thick pleural adhesions; however, we did not hesitate to convert to two-port, three-port or open lobectomy when we encountered complex anatomy such as incomplete fissure, perivascular calcified lymph nodes, diffuse thick pleural adhesions or patients with poor pulmonary function that did not tolerate single-lung ventilation.
After confirmation of resectability through VATS exploration, the 5-mm incision at the fifth intercostal space was extended to a 3.5-5 cm incision (mean: 3.96 ± 0.40, range: 3-5) at the area of the mid-axillary line. An incision of the same length at the same area was also used in the conventional VATS procedure as the utility port. A wound protector (Endo Keeper, medium, Nelis) was applied in both groups. A routine lobectomy procedure using hook-type monopolar electrocautery, suction devices, vascular clips, energy devices and endostaplers with the guidance of a 5-mm 30-degree angled thoracoscope was performed in both groups. The difference in surgical technique between the two groups was that two 5-mm and 12-mm incisions for ports at the fourth and seventh intercostal spaces in the midaxillary line were added during the conventional VATS lobectomy (Figure 1) . Also, longer, curved hook-type monopolar electrocauterizer, suction devices and instruments with proximal and distal articulation for an easier handling of vessels from different angles were selectively used in uniportal VATS lobectomy. Anatomical resection of veins, arteries, bronchi and mediastinal lymph nodes was performed in the same manner in both groups.
Intraoperative conversion to two-or three-port VATS was performed by adding another 12-mm sized port at the seventh intercostal space followed by another 5-mm port at the fourth intercostal space as needed. If conversion to thoracotomy was required, anterior and posterior extension of the uniportal incision at the fifth intercostal space was performed.
Once the operation was completed, a single chest tube was inserted in the anterior part of the incision for uniportal VATS and through the port at the seventh intercostal space for conventional VATS.
Chest tubes were removed postoperatively when the daily chest tube drainage was <150 cc with no air leakage and sufficient lung expansion on chest X-rays. Patients were usually discharged the day after the chest tube removal and they were routinely followed up after 1 week, and every 3 months until the first 2 years postoperatively and every 6 months thereafter.
Groups and outcome measurements
Patients were divided into two groups based on the type of surgical procedure initially attempted. The uniportal VATS group included those patients in whom a lobectomy procedure was initially attempted through a single incision. Conventional VATS groups included those patients for whom the procedure was initially attempted with two or three incisions. Considering the purpose of this study was to compare the results of uniportal VATS lobectomy and conventional VATS lobectomy, patients who required an open thoracotomy initially were excluded from the study. Because the uniportal VATS approach was initiated in May 2013, the conventional VATS group included patients treated between January and April 2013, whereas the uniportal VATS group included patients who were treated between May 2013 and February 2014.
Preoperative findings such as sex, age, clinical stage, histology and comorbidities including hypertension, diabetes mellitus, pulmonary tuberculosis, pneumonia, chronic obstructive lung disease, cardiac disease (coronary disease, atrial fibrillation or congestive heart failure), renal disease (acute or chronic renal injury), liver disease (alcoholic liver disease or liver cirrhosis), previously treated cancers, past history of surgical chemotherapy and radiotherapy were analysed (Table 1 ). To analyse perioperative surgical outcomes, operative time, postoperative chest tube duration, postoperative hospital stay, completeness of resection, total number of removed lymph nodes, conversion rate, complication rate, reoperation rate and 30-day mortality rate were reviewed and compared.
In addition to the overall comparison between the uniportal VATS group and the conventional VATS group, patients in the uniportal VATS group and the conventional VATS group were divided into separate subgroups depending on their clinical stage (clinical stage I, II, III, metastatic lung cancer). To compare uniportal VATS and conventional VATS lobectomy in early lung cancer patients, subgroup analysis of clinical stage I patients was also performed in both groups. And also, to further analyse the differences between the uniportal VATS and conventional VATS approaches, we have compared the outcomes of those who underwent conventional VATS initially versus those who were converted from uniportal to conventional VATS due to intraoperative complications or difficulties.
Statistics
All data were entered into an excel spreadsheet (Microsoft, Bellevue, WA, USA). Data were analysed using the IBM SPSS Statistics Version 19 (IBM SPSS Software, Armonk, NY, USA) to compare the qualitative and quantitative results of uniportal VATS and conventional VATS such as age, sex, operative time, postoperative chest tube duration, postoperative hospital stay, completeness of resection, total number of removed lymph nodes, number of removed lymph node stations, conversion rate, complication rate, reoperation rate and 30-day mortality rate. Univariate data analysis included independent sample t-tests or the Mann-Whitney test for quantitative variables and the χ 2 test or Fisher's exact test for qualitative variables. Data are reported as means ± standard errors of the mean. A value of P < 0.05 was considered statistically significant.
RESULTS
Between January 2013 and February 2014, 179 lobectomies were performed by a single surgeon (Y.S. Choi) at Samsung Medical Center due to a diagnosis of lung cancer. Twenty-nine cases that were performed together with other operations requiring additional incisions or in which an open thoracotomy was performed initially were excluded from the study. Among the 150 lobectomies, 90 lobectomies were attempted using the uniportal VATS approach and 60 lobectomies were attempted using the conventional three-port VATS approach. All lobectomies were performed with anatomical resection of veins, arteries and bronchi.
Of the 90 lobectomies attempted using the uniportal VATS approach, 58 (64.5%) were completed as uniportal VATS lobectomies, and 32 (35.5%) were converted, including four conversions to three-port VATS, 18 conversions to two-port VATS and 10 conversions to open thoracotomy. The reasons for conversion were diffuse tight pleural adhesions, anthracotic lymph nodes, extranodal invasion of lymph nodes, large tumour size, transfissural invasion of the tumour and bronchial injury due to stapling error (Table 2 ). There were nine conversions to open thoracotomy in threeport conventional VATS cases. Finally, 58 (38.6%) uniportal VATS lobectomies, 55 (36.7%) three-port conventional VATS lobectomies, open lobectomies were performed in the study group. No significant differences in sex, age, comorbidities or tumour location were noted between the uniportal and conventional VATS groups. Oncological factors such as clinical classification of malignant tumours (TNM) stage, pathological TNM stage and histology were not different between the two groups. Early lung cancer (clinical stage I) was the most common preoperative oncological status in both groups; 60 (66.7%) patients in the uniportal VATS group and 39 (65%) in the conventional VATS group had this diagnosis. Regarding cell types, adenocarcinoma was the most common type in both groups with 55 (61.1%) cases and 45 (75%) cases in each group, respectively (Table 1) .
Univariate analysis revealed that the uniportal VATS group had a slightly shorter operative time, chest tube duration and length of postoperative hospital stay than the conventional VATS group, although without any statistical significance.
From an oncological perspective, no difference was noted regarding the completeness of resection or total number of lymph nodes removed between the two groups (Table 3) .
There were 35 postoperative complications in total: 17 complications in the conventional VATS group (28.3%) and 18 complications in the uniportal VATS group (20%). Types of complications are given in Table 4 . Most of these resolved without additional treatment.
There were two reoperations in total. One was in the uniportal VATS group, where uniportal VATS was initially attempted but was converted to three-port VATS for bronchial sleeve resection due to the central location of the tumour. The operation ended up as a VATS sleeve left upper lobectomy with successful lung expansion, which was confirmed intraoperatively. However, postoperative bronchial stenosis, probably caused by technical failure, resulted in unresolving postoperative atelectasis. Completion pneumonectomy was performed on postoperative day 2, and no additional complications were noted. Another reoperation was performed after a conventional VATS left upper lobectomy due to bronchial stenosis caused by external compression. Intraoperative findings showed that a folded fibrin mesh, which was previously applied at the lung surface, had migrated from its original position, and was externally compressing the bronchus. The mesh was removed and the problem was resolved without additional procedures.
There was a single in-hospital postoperative 30-day mortality due to postoperative pneumonia and acute lung injury after left lower lobectomy that was initially attempted as three-port conventional VATS and then converted to open thoracotomy.
For a more specific comparison of uniportal VATS lobectomy with conventional VATS lobectomy in early lung cancer patients, clinical stage I cases were selected separately from both groups and then compared. These results were not different from the overall results. There were no differences in operative time, postoperative chest tube duration, postoperative length of hospital stay, total number of removed lymph nodes, postoperative complication rate, reoperation rate, or 30-day mortality rate between the uniportal VATS group and conventional VATS group (Table 5) . Together with the above mentioned results, the outcomes of those who underwent conventional VATS initially versus those who were converted from uniportal to conventional VATS, did not show any significant difference in operative time (154.13 vs 159.77 min, P = 0.638), chest tube duration (5.45 vs 5.91 days, P = 0.538), postoperative hospital day (6.95 vs 8.50 days, P = 0.071), complication rate (30.4 vs 36.4%, P = 0.602), reoperation rate (1.8 vs 4.5%, P = 0.487) and mortality (0 vs 0).
DISCUSSION
The feasibility and advantages of uniportal VATS in diverse fields of thoracic surgery have already been described in many studies [6, 7, [11] [12] [13] [14] [15] [16] [17] [18] . Its minimally invasive nature, due to creation of only one incision through one intercostal space without rib spreading, results in less postoperative pain and fewer paraesthesias in addition to better cosmetic effects [7, 8, 19] .
Although the feasibility of uniportal VATS lobectomy has been reported in several studies [8, [11] [12] [13] , comparative studies of uniportal VATS versus conventional VATS have been reported only for cases with minor pulmonary resections [7] ; no prior study directly compared the results of uniportal VATS and conventional VATS for major pulmonary surgeries such as lobectomies.
We compared the clinical outcomes of uniportal VATS lobectomy and conventional VATS lobectomy in lung cancer patients. Although the two groups did not undergo surgery in exactly the same time period, because uniportal VATS lobectomies were performed after April 2013 and the majority of conventional VATS lobectomies were performed between January and April 2013, this time difference is unlikely to have resulted in a significant difference in VATS skills. In addition, all operations were performed by a single surgeon who was fully experienced with VATS.
Since April 2013, our VATS lobectomy strategy has changed. We initially attempted the majority of our pulmonary resection surgeries via a uniportal VATS approach. Conventional VATS approach or thoracotomy were initially attempted in only certain cases of advanced lung cancer with N2-positive lymph nodes or when sleeve resection were needed according to the preoperative findings of computed tomography (CT) scan and bronchoscopy, or when the tumour was >7 cm. Therefore in the beginning of the procedure, we always explored the pleural cavity through a small incision in the fifth intercostal space of the mid-axillary line using a 5-mm thoracoscope. Next, based on the intraoperative findings, such as incomplete fissure, periarterial anthracotic lymph nodes, as well as the patient's ability to tolerate one-lung ventilation, which was evaluated by intraoperative arterial blood gas analysis, we decided whether to continue with uniportal VATS or convert to conventional VATS or open thoracotomy. There are some successful case reports of uniportal VATS lobectomies in complex cases of pulmonary resection [9, 10, 20] , and we have had success with a uniportal VATS lobectomy approach in complex cases such as N2 lung cancer patients after neoadjuvant chemoradiation. We consider the uniportal VATS approach to be a good alternative to the conventional VATS approach due to the minimally invasiveness of the former, which may benefit the patient, but we do not consider it a priority or an obligation to perform uniportal VATS. Therefore, if the same results can be obtained, uniportal VATS may be preferable to the conventional VATS approach, but if not, conversion is always acceptable. Thus, during the operation, considering that we may shorten the operative time by performing the conventional VATS lobectomy in complex cases, we had no hesitation in converting to two-or three-port VATS as needed, which was easily achieved with the simple addition of one or two small incisions in the seventh intercostal space of the mid-axillary line and the fourth intercostal space of the mid-axillary line. As a result, we had a higher global conversion rate of 35.5% than the rates of 4.5-16% reported in previous studies [8, 11] . However, considering the distinct characteristics of Korea, such as the high incidence of inflammatory diseases such as tuberculosis, the higher conversion rate is not unacceptable. Most conversions were to two-port VATS (18 out of 32) mainly due to diffuse, tight pleural adhesions and anthracotic hilar lymph nodes. Reasons for conversion to three-port VATS and open lobectomies were sleeve resections due to tumour location and bronchial injury after a stapling error that occurred in the initial period of uniportal VATS lobectomy. Such operations are generally completed by open thoracotomy in most other centres. The inclusion of these highly complex cases in our uniportal VATS lobectomy inclusion criteria may explain our higher conversion rate than those reported in previous studies. Overall, the clinical outcomes of uniportal VATS lobectomy in our study, such as operative time, chest tube duration, length of postoperative hospital stay, complications, reoperation rate and mortality rate were similar to those of conventional VATS lobectomy and we therefore consider them acceptable. Similar results were obtained in subgroup analysis of clinical stage I cases from the two groups and also in additional comparative analysis of initial conventional VATS and converted conventional VATS. Based on these results, uniportal VATS lobectomy to treat lung cancer does not appear to be inferior to conventional VATS lobectomy from a technical perspective.
Furthermore, to assess the adequacy of mediastinal lymphadenectomy in uniportal VATS lobectomy, oncological factors such as completeness of resection and the total number of removed lymph nodes were reviewed by pathological analysis. Effective mediastinal lymph node staging and diagnosis through uniportal VATS has already been attempted by some surgeons [15] and therefore, all our lobectomies in this lung cancer series were performed with complete mediastinal lymphadenectomy. As given in Table 3 , the results did not differ between the two groups, and our uniportal VATS lobectomy results were not inferior to those reported in previous studies [13] .
Most of the uniportal VATS operations we performed were uneventful. However, in our fifth case of uniportal VATS that involved simultaneous right upper lobectomy and right lower lobe superior segmentectomy, the right lower lobar bronchus was partially injured by stapling while dividing the right lower lobe superior segment due to lack of careful visual confirmation of the stapler tip's location. The large volume of emphysematous lung and interfissural pleural adhesions, together with our then limited experience in managing the thoracoscopic view through a uniportal VATS approach, resulted in the stapling error. After conversion to three-port VATS, the partially stapled bronchus was opened and was corrected using the wedge bronchoplasty method. The patient was finally discharged without any remnant complications, but this case emphasized to us the importance of the basic principle of the VATS procedure, namely always rechecking the placement of the stapler before firing, regardless of the operative technique. As mentioned in a previous study, the uniportal VATS technique for major lung resection should be learned and performed carefully, especially during the initial period of the learning curve [12] .
The safety and feasibility of uniportal VATS lobectomy have been reported in previous studies. Some authors have reported using a uniportal VATS approach in most of their pulmonary resection cases [9, 10, 20] . Also, it is reported that the advantages of uniportal approach are not confined only for the patients, but also for the surgeons. Unlike in conventional VATS approach, which creates the torsional angle, it is reported to allow the surgeons to see the operative field in a more anatomical and direct view which allows a better instrumentation by bimanual instrumentation just like in the open approach [21] . We agree that it is technically possible for a surgeon experienced in VATS to perform most pulmonary resections with a uniportal VATS approach. However, despite the worldwide trend towards minimally invasive approaches, uniportal VATS approach should not be considered as a necessary requisite, but should rather be viewed as an alternative, less-invasive procedure that can be performed safely and effectively when the patient is carefully selected and preparation is adequate.
The retrospective nature of the study, the absence of evaluation of postoperative pain, paraesthesia, or perioperative pulmonary function, short postoperative follow-up period, and the lack of data regarding survival and recurrence are limitations of this study. Our results should therefore be interpreted with caution. However, uniportal VATS lobectomy does appear to be comparable to with conventional VATS lobectomy from a technical perspective, especially in patients with early peripheral lung cancers with good anatomy and without tight pleural adhesions. And also, this is the first report to directly compare the perioperative clinical outcomes of the uniportal and conventional VATS approaches. We also provided information regarding the indications and complications that surgeons may experience during the initial period of implementing a uniportal VATS approach.
In conclusion, we found that perioperative outcomes of uniportal VATS lobectomies were favourable. Given that most cases were clinical and pathological stage I, a uniportal VATS approach should be carefully considered as an alternative to the conventional VATS approach especially in simple lobectomy patients with early peripheral lung cancers who have a good anatomy and are in good general condition.
